Abstract Enterococci are widespread bacteria forming the third largest genus among lactic acid bacteria. Some possess probiotic properties or they can produce beneficial proteinaceous antimicrobial substances called enterocins. On the other hand, some enterococci produce biogenic amines (BAs), so this study is focused on the sensitivity to enterocins of biogenic amine-producing faecal enterococci from ostriches and pheasants. Altogether, 60 enterococci isolated from faeces of ostriches and pheasants were tested for production of BAs. This target of the identified enterococci involved 46 strains selected from 140 ostriches and 17 from 60 pheasants involving the species Enterococcus hirae, E. faecium, E. faecalis, and E. mundtii. Although BAs histamine, cadaverine, putrescine, and tryptamine were not detected in the enterococci tested, in general high BA production by the tested enterococci was noted. The species E. hirae formed the majority of the enterococcal strains from ostrichs faeces (34 strains). High production of tyramine (TYM) was measured with an average amount of 958.16 ± 28.18 mg/ml. Among the enterococci from pheasants, the highest was production of TYM compared to phenylethylamine, spermidine, and spermine. Enterococci featured high BA production; however, they were sensitive to seven enterocins with inhibition activity ranging from 100 up to 25,600 AU/ml.
Introduction
Biogenic amines (BAs) are low-molecular-weight nitrogenous compounds which are mainly formed by amino acid decarboxylation. Thanks to the oxidation system of monoamine and diamine oxidases, smaller amounts of BAs are usually metabolized in the organism without any impact on health [1] . The most abundant and frequent BAs in food are putrescine (PUT), tyramine (TYM), histamine (HIS), and cadaverine (CAD) [2] . Although BAs can be found in a variety of foodstuffs, their production could be also associated with some bacteria. Lactic acid bacteria mostly those belonging in the phylum Firmicutes (where enterococci are also allotted), are the microbiota responsible for synthesis of BAs, for example especially those in fermented food products, and the strains of different species and genera have been described as BA producers [3] .
Enterococci belong in the phylum Firmicutes, Class Cocci, Order Lactobacillales, Family Enterococcaceae, Genus Enterococcus [4] . They form the third largest genus of lactic acid bacteria and they represent widespread microorganisms; this means they are inhabitants of different niches, e.g., animals, meat, and dairy products [5] . Some enterococci can have probiotic properties [5, 6] or they can even produce proteinaceous substances with antimicrobial character [5, 7, 8] , which can influence intestinal microbiota and could be used to prevent and/or protect from spoilage bacteria contamination [9, 10] . A simplified classification scheme is proposed for enterocins, including four classes: Class I enterocins (lantibiotic enterocins); Class II enterocins (small, nonlantibiotic peptides); Class III enterocins (cyclic enterocins); and Class IV enterocins (large proteins). Class II can be subdivided into three subclasses: IIa) enterocins of the pediocin family; IIb) enterocins synthesized without a leader peptide; IIc) other linear, non pediocin-type enterocins [10] . Moreover, Nes et al. [11] established a group of bacteriolysins.
For the above mentioned reasons this study is focused on these aspects: firstly to test biogenic amine production by faecal enterococci isolated from food-producing poultry because decarboxylase-positive enterococci are undesirable for health; and secondly, BA production in microbiota from untraditional poultry in Slovakia, since ostriches are considered not have been previously studied. The characteristics and properties of faecal microbiota from pheasants are also known only to a certain degree; both ostriches and pheasants represent poultry unsufficiently studied from the microbiological aspect.
Knowing whether BA-producing enterococci from ostriches and pheasants are sensitive to enterocins (i.e., their growth is inhibited by enterocins) is important from the basic research point of view, since related to bacteriocins/enterocins it is a novel and original research topic; no-one has previously studied sensitivity to enterocins of BA-producing enterococci from poultry, especially bearing in mind that most of them are enterococci possessing virulence-factor genes which could be disease-causative agents. Knowing the inhibiting properties of enterocins against BA-producing strains could improve the chances of their application as natural-origin antimicrobial substances. In addition, we have been studying enterocins in our laboratory since 1993 and we are permanently interested in studying their inhibition spectra and their possible application.
Materials and Methods

Testing of Enterococci for Biogenic Amine Production
Altogether 60 faecal enterococci from ostriches and pheasants were tested for their ability to produce biogenic amines (BAs). Sampling was performed with the permission of farm owners, the Slovak Veterinary and Food Administration (approval no. 2062/13-221) and the Ethics Committee of the Institute of Animal Physiology, Slovak Academy of Sciences (Document 25,413). The collection of the identified enterococci involved 46 strains selected from 140 ostriches and 17 strains selected from 60 pheasants. The tested enterococci included four different enterococcal species: Enterococcus hirae (34 strains from ostriches, 10 strains from pheasants), E. faecium (10 strains from ostriches, 4 strains from pheasants), E. faecalis (3 strains from pheasants), and E. mundtii (2 strains from ostriches). Their isolation, species identification (using the MALDI-TOF mass spectrometry method, and also phenotypization) and properties were reported in our previous studies [12, 13] . Most strains from among faecal enterococci of pheasants caused β-hemolysis. Polyresistant E. faecalis strains were gelatinase active and also possessed virulencefactor genes [12] . Most strains of the ostrichs enterococci were not hemolytic; on the other side, E. hirae strains especially possessed virulence-factor genes [13] .
Preparation of Bacteria and Identification of Biogenic Amine Production
Enterococcal strains were cultivated in MRS broth (Oxoid, Basingstoke, UK) enriched with precursors of the monitored BAs (amino acids: arginine, histidine, lysine, ornithine and tyrosine, each with the concentration of 2 g/l; Sigma-Aldrich, Saint Louis, Maryland, USA). The cultivation medium (5 ml) was inoculated with 25 μl of overnight culture of the tested strain (cca 6; log 10 cfu/ml). The cultivation temperature was 30 ± 1°C for 24 h. Each strain was cultivated five times in accordance with Buňková et al. [14] . Production of eight biogenic amines (tryptamine, TRYP; phenylethylamine, PEA; putrescine, PUT; cadaverine, CAD; histamine, HIS; tyramine TYM; spermine, SPN and spermidine, SPD) was tested as previously described by Lorencová et al. [1] . Briefly, BAs were monitored in the cultivation broth after precolumn derivation with dansylchloride. Dansylchloride and BA standards were obtained from Sigma-Aldrich. After cultivation of the tested enterococci, the broth cultures were centrifuged (3500 x g; 22 ± 1°C; 20 min), and the individual supernantants were diluted (1:1; v/v) with perchloric acid (0.6 M; SigmaAldrich). The acidified mixture was filtered (0.45 μm) and the filtrate was subjected to derivation according to Dadáková et al. [15] . Derived samples were filtered (0.22 μm) and applied on the column (Cogent column HPS C18, 150 × 4.6 mm, 5 μm; Cogent Eatontown NJ, CA, USA of a chromatographic system (pump and autosampler LabAlliance, State College, PA, USA); degasser, UV/VIS-DAD detector (λ = 254 nm); and column thermostat (Agilent Technologies, Agilent, Palo Alto, CA, USA). The conditions for separation and detection of BA were those previously reported by Smělá et al. [16] ; 1.7.-heptanediamine (Sigma-Aldrich) was used as internal standard. Each of the five broths prepared for one tested strain was derived twice (n = 20), and each derived mixture was also applied twice on the column. The differences in BA production of individual strains were statistically evaluated with KruskalWallis and Wilcoxon tests using statistical programme UNistat R 5.5. (Unistat Ltd., London, UK). The significance level used in the tests was 0.05.
Treatment of Enterococci with Enterocins
Seven partially-purified (semi-purified) enterocins were used in the test. They were produced by our E. faecium strains of various origin: Ent A (P), Ent M, both produced by environmental strains Enterococcus faecium EK13 = CCM 7419 and E. faecium AL41 = CCM 8558 [17] [18] [19] ; Ent 4231, produced by the ruminal strain E. faecium CCM 4231 [7] ; Ent 2019, produced by rabbit-derived strain E. faecium EF2019 = CCM 7420 [9] , Ent 55, produced by E. faecium EF55 isolated from chicken [20] , Ent EM41, produced by ostrich strain E. faecium EM41 [21] , and Ent M3a, produced by E. faecium M3a isolated from rabbit meat [22] . E. faecium EK13 = CCM 7419, E. faecium AL41 = CCM 8558, E. faecium CCM 4231 and E. faecium EF2019 = CCM 7420 were deponed in Czech Culture C o l l e c t i o n o f M i c r o o r g a n i s m s i n B r n o , C C M , EH Enterococcus hirae, TYM tyramine, PEA phenylethylamine, SPD spermidine, SPM spermine, TRYP tryptamine, PUT putrescine, CAD cadaverine, HIS histamine were not detected (not produced by tested strains); <2 mg/l very low; 2-10 mg/l-low production; 10-100 mg/l-medium production; 100-1000 mg/l-high production; >1000 mg/l-very high production EH-Enterococcus hirae, EF-E. faecium, EM-E. mundtii, TYM-tyramine, PEA-phenylethylamine, SPDspermidine, SPM-spermine, TRYP-tryptamine, PUT-putrescine, CAD-cadaverine, HIS-histamine were not detected (not produced by tested strains); <2 mg/l very low; 2-10 mg/l-low production; 10-100 mg/l-medium production; 100-1000 mg/l-high production; >1000 mg/l-very high production Czech Republic. Enterocins were prepared using the following procedure: 16/18 h cultures (300 ml of E. faecium EK13 = CCM 7419, EF2019 = CCM 7420, EF55, CCM4231, EF AL41 = CCM 8558 strains in MRS broth; Merck, Darmstadt, Germany) were centrifuged for 30 min at 10000×g in order to remove the cells. After adjustment of the supernatant to pH 5.0 (5.5 in the case of AL41 strain), ammonium sulphate was gently added to the supernatant to obtain 40% (w/v) saturation. The mixture was stirred at 4°C for 2 h (EK13 = CCM 7419), for 3 h (EM41), for 4 h (EF2019 = CCM 7420, M3a), for 24 h (EF55, CCM 4231), and at 21°C for 1 h (AL41 = CCM 8558). After centrifugation at 10000×g for 30 min, the resulting pellet was resuspended in 10 mmol/l of sodium phosphate buffer (pH 6.5). The inhibition activity was tested with the agar spot test [23] against the principal indicator strain E. avium EA5 (inhibition activity reached up to 819,200 AU/ml). Inhibition activity is expressed in arbitrary units per ml (AU/ml), which means the reciprocal of the highest twofold dilution of enterocin demonstrating complete growth inhibition of the indicator strain. Sixty enterococci (43 from ostriches and 17 from pheasants) were tested for their sensitivity to enterocins [23] . Briefly, brainheart infusion (BHIA) supplemented with 1.5% agar (Becton Dickinson, USA) was used for the bottom agar layer. For the overlay, 0.7% BHIA enriched with 200 μl of 18 h culture of indicator strain (grown up to an average absorbance-A 600 = 0.800 nm) was used. 10 μl of each Ent (diluted in phosphate buffer, pH 6.5) was dropped on the surface of soft agar with the tested strain. The plates were incubated at 37°C for 18 h. Clear inhibition zones around drops of Ent were checked and the antimicrobial (inhibition) activity was evaluated in AU/ ml. The tests were repeated twice.
Results
Biogenic Amine Production by the Enterococci
Although the BAs, HIS-histamine, CAD-cadaverine, PUT-putrescine, and TRYP-tryptamine were not detected in the enterococci tested, in general high BA production by the enterococci was measured (Tables 1a, b and 2). The species E. hirae from ostrichs faeces formed the majority of the enterococcal strains (34 strains). High production of TYM was measured with an average amount of 958.16 ± 28.18 mg/l. The species E. faecium involved 10 strains producing an average amount of 947.75 ± 30.78 mg/l of TYM. E. faecium EF2132 did not produce TYM, and also only very low amounts of PEA and SPD; but compared to the rest of the strains it produced high amount of SPM (Table 1b, 13.93 ± 0.94 mg/l). However, E. hirae strains EH1151, EH1152, EH1161 or EH371 produced the highest amounts of SPM (Table 1a, EH-Enterococcus hirae, TYM-tyramine, PEA-phenylethylamine, SPD-spermidine, SPM-spermine, TRYP-tryptamine, PUT-putrescine, CAD-cadaverine, HIS-histamine were not detected (not produced by tested strains); <2 mg/l very low; 2-10 mg/l-low production; 10-100 mg/l-medium production; 100-1000 mg/l-high production; >1000 mg/l-very high production SPM amounts were higher in strains from ostriches than from pheasants. The species E. mundtii involved only two strains; but the strain E. mundtii EM111/Cl produced the highest amount of TYM; and compared to the other enterococcal EF2132  200  200  1600  200  400  400  800  EF2141  400  200  1600  200  400  400  800  EF2151  800  1600  3200  1600  800  800  1600  EF2152  100  200  1600  200  800  800  400  EF3112  400  200  800  200  400  200  25,600  EF3122  100  200  1600  800  800  200  400  EF3123  800  3200  1600  25,600  3200 EH-Enterococcus hirae, Enterocin EM41 produced by E. faecium strain EM41 isolated from ostrich, Ent4231 produced by E. faecium CCM4231 ruminal strain, Ent 2019 produced by E. faecium EF2019 = CCM7420 isolated from rabbit faeces, Ent M3a produced by E. faecium strain isolated from rabbit meat, Ent M and Ent A (P) produced by E. faecium strains AL41 = CCM8558 and EK13 = CCM7419, environmental isolates, Ent 55 produced by E. faecium EF55, isolated from chicken crop; inhibition activity of Ents against the principal indicator strain E. avium EA5 reached up to 819,200 AU/ml EH-Enterococcus hirae; EF-E. faecium; EM-E. mundtii; Enterocin EM41 produced by E. faecium strain EM41 isolated from ostrich, Ent4231 produced by E. faecium CCM4231 ruminal strain, Ent 2019 produced by E. faecium EF2019 = CCM7420 isolated from rabbit faeces, Ent M3a produced by E. faecium strain isolated from rabbit meat, Ent M and Ent A (P) produced by E. faecium strains AL41 = CCM8558 and EK13 = CCM7419, environmental isolates, Ent 55 produced by E. faecium EF55, isolated from chicken crop; inhibition activity of Ents against the principal indicator strain E. avium EA5 reached up to 819,200 AU/ml species from ostriches it produced higher amounts of PEA and SPD (Table 1a , b). All enterococci from pheasants produced tyramine at an average amount of 1188.58 ± 105.77 mg/l. The highest production was measured in E. hirae strain EH51-1861.51 ± 170.77 mg/l, Table 2 ). Phenylethylamine (PEA) was detected at an average amount of 345.91 ± 18.54 mg/l. The highest production of TYM compared to production of PEA, SPD, or SPM was measured in faecal enterococci from pheasants. SPD and SPM were produced in low amounts, (an average of 2.71 ± 0.64; 3.68 ± 1.91 mg/l); although in the EH31 strain the SPM amount reached 10.11 ± 0.60 mg/l ( Table 2 ). In general, E. hirae EHb/41 produced the lowest overall amounts of BAs; on the other hand, this strain produced the highest amount of SPM at 9.51 67 ± 0.36 mg/l ( Table 2) . But E. faecalis EE63 produced high amount of TYM (1664.85 ± 89.04 mg/l) and PEA (988.20 ± 44.80 mg/ l), and even this strain produced the highest amount of PEA and SPD (4.83 ± 0.34 mg/l) compared to the other strains ( Table 2) .
Sensitivity of Biogenic Amine Producing Enterococci to Enterocins
All BA-producing faecal enterococci, both from pheasants and ostriches, were sensitive to seven enterocins used with activity in the range from 100 up to 25,600 AU/ml (Tables 3a, b and 4). In general, faecal enterococci from pheasants were inhibited by enterocins (i.e., they were sensitive to enterocins) reaching higher inhibition spectra than enterococci from ostriches. However, E. hirae strains from ostriches were more sensitive (or they were inhibited) measuring higher inhibition activity (Table 3a , b) than for example strains of E. faecium from ostriches (Table 3b) ; lower values of arbitrary units were found there.
Discussion
Tyramine is formed via decarboxylation of tyrosine. This BA is frequently associated with enterococci, especially with the representatives of the species E. faecium depending on the source of the strains. Bover-Cid et al. [24] considered enterococci to be the common originators of tyramine (TYM) and phenylethylamine (PEA). Ladero et al. [25] suggested in their study that tyramine biosynthesis is a species-level characteristic in the species E. faecalis, E. faecium, and E. durans. In our study, the strains of the species E. hirae, E. faecalis, and E. mundtii also produced TYM. In fermented sausages for example, TYM is produced by fermentative microbial populations, namely lactobacilli and enterococci [26] . However, only 18 strains from 33 rabbit meat enterococci produced EH-Enterococcus hirae; EF-E. faecium; EE-E. faecalis; Enterocin EM41 produced by E. faecium strain EM41 isolated from ostrich, Ent4231 produced by E. faecium CCM4231 ruminal strain, Ent 2019 produced by E. faecium EF2019 = CCM7420 isolated from rabbit faeces, Ent M3a produced by E. faecium strain isolated from rabbit meat, Ent M and Ent A (P) produced by E. faecium strains AL41 = CCM8558 and EK13 = CCM7419, environmental isolates, Ent 55 produced by E. faecium EF55, isolated from chicken crop; inhibition activity of Ents against the principal indicator strain E. avium EA5 reached up to 819,200 AU/ml TYM; the amount of produced TYM was more than 1000 mg/ l and 10 of them produced PEA [27] . But the intensity of decarboxylation reaction depends not only on the presence of particular strains of microbiota, but also on the concentration of free amino acids, as well as on environmental factors such as pH values, and temperature changes. So we can speculate in especially SPM and SPD production differences in strains from pheasants and ostriches when sampling was performed in spring and summer. Generally, tyramine values of 100-800 mg/kg are considered as a toxic dose in food [28] . It is in breeders interests, especially in breeders of foodproducing animals to control BAs. Despite the strict hygiene parameters, meat could be contaminated by these strains for example at the slaughterhouse or during processing. Different control systems are therefore demonstrated. In meat products there is, for example the role of starter cultures which can reduce BAs in products originating from BA-producing bacteria [29] . In EU legislation (Regulation (EC) 2073/2005), only limits for HIS content in fish and fish products are established. Our strains did not produce HIS, which accords with the findings of Brink et al. [30] . We can say that production of BAs by enterococci differs from one strain to another [14, 31] . In contrast to Pleva et al. [27] , where neither spermidine (SPD) nor spermine (SPM) were produced by enterococci from rabbit meat, the enterococci from our ostriches and pheasants produced low amounts of those BAs. Because BAs, such as TYM could also adversely affect human health by increasing blood pressure, PUT, and CAD could be potentiators of HIS (e.g., through the inhibition effect of the detoxication system), so it is necessary to monitor the decarboxylation activity of isolated strains; especially in association with the fact that ostrich and pheasant meats are consumed by human. Enterocins seem to be very effective in reducing biogenic amine-producing strains. As can be seen from our results, biogenic amine-producing enterococci were sensitive to enterocins (Ents), i.e. their growth was inhibited by Ents. Kandričáková et al. [12] and Lauková et al. [13] reported enterococci from ostriches and pheasants possessing virulence-factor genes as being sensitive to enterocins. Some of our BA-producing enterococci were those which also possess virulence-factor genes; therefore knowing that they can be inhibited by Ents is promising information, not only regarding the basic research aiming to know the inhibition spectra of Ents, but especially by providing possibilities to apply Ents. Bacteriocins synthesized by lactic acid-producing bacteria are known to have inhibition effects towards various microbiota [32] . The effect of bacteriocins including enterocins can be influenced by many factors such as purity of bacteriocin, dose, concentration, environment, sensitivity of the strain, or presence of resistance genes. Héchard and Sahl [33] reported the inhibition activity of bacteriocins of Gram-positive bacteria based on their interaction with the membrane of sensitive cells. Many Class II bacteriocins play the role of weakening and dissipating the movement of protons (PMF, proton motive force) of the target cells through pore formation by the production of anion-or cation-specific pores. Each of our enterocins can be allotted to Class II enterocins. Ent 4231 was described as the first bacteriocin produced by an animal/ruminal strain [7] . Not only this Ent but each one used in our study is known to have a broad antimicrobial spectrum in vitro [18-20, 22, 34] but also in vivo. For instance, after Ent 4231 application in slurry the significant reduction of E. coli, Pseudomonas spp. and enterococci were observed [35] . Similarly, Strompfová et al. [36] reported reduction of enterococci, staphylococci, micrococci, lactobacilli and lactococci by Ent 55. Broad inhibition activity of Ent M in vivo in experimental application in rabbits was reported by Lauková et al. [8] . Ent EM41 was successfully applied to laying hens, showing broad inhibition activity [37] . As already mentioned, Ent 2019 inhibited not only Gram-positive but also Gramnegative bacteria, not only in vitro but also under in vivo conditions [9] . Reduction of Salmonella in gnotobiotic Japanese quails caused by Ent A was reported by Lauková et al. [38] . Antagonism against Listeria innocua in tofu mediated by bacteriocin A (EK13) has also been reported [39] . Knowing that biogenic amine-producing strains can be inhibited by Ents extends our knowledge regarding their antimicrobial spectrum, but what is more important is the indication of Ents effectiveness in eliminating decarboxylase-positive bacteria; e.g., in foodstuffs or in husbandry.
In conclusion, although histamine, cadaverine, putrescine, and tryptamine were not detected in the enterococci tested, in general high BA production by the tested enterococci was noted. The species E. hirae formed the majority of the faecal enterococcal strains from ostrich faeces (34 strains). High production of tyramine (TYM) was m e a s u r e d , w i t h a n a v e r a g e a m o u n t o f 958.16 ± 28.18 mg/l. Among faecal enterococci from pheasants, production of TYM was the highest compared to phenylethylamine, spermidine, and spermine. However, all BA-producing faecal enterococci, both from pheasants and ostriches, were sensitive to seven enterocins with inhibition activity in the range from 100 up to 25,600 AU/ ml.
